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[57] ABSTRACT

A dc motor driving apparatus comprising a full-wave
rectifier bridge circuit for supplying dc power to a dc
motor and a dc motor driving control circuit for con-
trolling the turning on and off of thyristors forming the
full-wave rectifier bridge circuit, further comprises a
protecting control circuit operatively associated with
the dc motor driving control circuit for preventing the
occurrence of a short-circuit inode in the full-wave
rectifier bridge circuit caused by a malfunction of the
thyristors and ensuring highly efficient, quick respon-
sive and stable control of the reversing, braking, stop-

ping and other speed changing operations of the dc
motor.

2 Claims, 6 Drawing Figures
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1
- DC MOTOR DRIVING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a circuit system de-
signed to prevent (the occurrence of a short-circuit
mode in a dc motor driving apparatus employing a
full-wave rectifier bridge system for converting ac
power) from an ac voltage supply to dc power so as to
efficiently control the reversing, braking, stopping and
other speed changing operations of a dc motor.

2.-Description of the Prior Art o

Many of known supply voltage ac-to-dc converter
circuits for controlling the rotational speed of dc motors
~employ a half-wave rectifier bridge system which
_causes no short-circuit mode, so that a part of the upper

‘half or the lower half of an ac waveform is utilized to -

effect phase control of the speed of a dc motor. There
has been another special system of increasing the fre-
quency. of ‘a power supply to ensure a stable motor
speed, but this system has not been used positively be-
cause of the complexity of the circuitry involved. Still
other known systems include transistor bridge systems,
etc. o |

In a single-phase half-wave rectifier bridge system,
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there is a greater variation in the level of the dc voltage

‘across the motor than in the full-wave rectifier bridge
system, although no short-circuit mode is caused in the
single-phase half-wave rectifier bridge system. As a
 result, if the dc motor is braked by plugging to control
the motor speed or the motor is controlled to operate
stably at a low speed, this causes disadvantages of the
irregular rotation, the generation of a buzzing noise, etc.
These problems can be overcome by means of the full-
wave rectifier bridge system. More specifically, in the
half-wave rectifier bridge system, each of the thyristors
18 triggered only once during each cycle of the power
supply waveform, whereas, in the full-wave rectifier
bridge system each of the thyristors is triggered twice
during each cycle with the result that not only such
troubles as the irregular rotation, the generation of a
buzzing noise, etc., can be prevented but also the con-
trollability of the reversing, braking, stopping and other
speeds of the motor can be improved. However, the
full-wave rectifier bridge system has not been used
positively because of its disadvantage that if any of the
thyristors fires erroneously when a dc motor is reversed
In rotation, braked or its speed is changed, the short-cir-
cuit mode will be established and thus the thyristors will
be damaged. |
The present invention has been made with a view to
overcoming the deficiencies of the above-described
ac-to-dc conversion full-wave rectifier bridge system
for dc motor driving power supply circuits.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a dc
motor driving apparatus, which positively utilizes a
tull-wave rectifier bridge system for efficiently control-
ling the reversing, braking and stopping operations and
the speed change of a dc motor, by employing an im-
proved controlled rectifier element driving system for
avoiding the occurrence of a short-circuit mode.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a general view of a dc motor driving control
circuit employing a thyristor full-wave rectifier bridge
system.

FIG. 2 is a block diagram showing the overall circuit
construction of a dc motor driving apparatus according
to this invention which incorporates a protecting con-
trol circuit according to the invention in the construc-
tion of a prior art dc motor driving apparatus employ-
ing a full-wave rectifier bridge system.

FIG. 3 shows the waveforms generated in the cir-
cuitry of the dc motor driving apparatus shown in FIG.
2, with (A) showing the waveform of the ac supply
voltage, (B) and (C) the output signal waveforms of the
zero-crossing detecting circuit in the circuitry of FIG.
2, and (D) and (E) the output signal waveforms of the

‘two bootstap circuits in the circuitry of FIG. 2.

- FIG. 4 is a schematic block diagram ‘showing the
manner in which the combination of the thyristor driver
circuits and the protecting control circuit added by the
Invention are interconnected in the circuitry of the dc
motor driving apparatus shown in FIG. 2. _

- FIG. 5 shows by way of example a detailed circuit
construction of the protecting control circuit according
to the invention. '

FIG. 6 is a diagram useful for explaining the opera-

tion of the protecting control circuit when the rotation
of the dc motor is reversed.

- DESCRIPTION OF THE PREFERRED
o EMBODIMENTS

Preferred embodiments of the present invention will
now be described with reference to the accompanying
drawings. ' '

Referring first to FIG. 1, the control of a direct cur-
rent supplied to the motor and the mode of a short-cir-
cuit which may be possible in a dc motor driving circuit
employing the full-wave rectifier bridge system, will be
described with reference to FIG. 1.

In the Figure, reference numeral 1 designates an ac
power supply, 2 an ac filter, and 3 a thyristor full-wave
rectifier bridge circuit whose respective arms include
Inverse-parallel connections of the respective thyristor
pairs SCR; and SCRjy; SCR3 and SCR4: SCRs and
SCR¢; and SCR7 and SCRg, and surge absorbing cir-
cutts SAy, SAj, SA3 and SA4 which are respectively
connected in parallel with the respective thyristor pairs.
Numeral 4 designates a dc smoothing reactor. Numeral
S designates a dc motor, and symbols M and N disignate
motor terminals.

In accordance with the dc motor driving control
mode employing the thyristor full-wave rectifier bridge
system, the determination of a combination of thyristors
to be turned on is effected in dependence on the combi-
nation of conditions, i.e., whether the polarity of the
output voltage waveform of the ac power supply 1 is
positive (hereinafter a signal indicative of the positive
half cycle is designated by a symbol W@ as shown in
(B) of FIG. 3) or negative (hereinafter a signal indica-
tive of the negative half cycle is designated by a symbol
WQG as shown in (C) of FIG. 3) and whether the direc-
tion of rotation of the dc motor is a forward direction
(hereinafter a forward rotation control signal is desig-
nated by a symbol F) or a backward direction (hereinaf-

ter a backward rotation control signal is designated by
a symbol B).
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The following table shows the combinations of the
thyristors which are to be turned on in the respective
cases. In the table, the polarities of the dc motor termi-
nals M and N in the respective cases are also shown.

Polarity of Rotational Combination Polarities of

ac supply direction of of thyristors dc motors
voltage dc motor to be turned on terminals
WD F SCRg SCRg M+, N—

{ 1

! !
B SCR3 SCRj M-, N+
W3S F SCR4 SCR3 M+, N—

! |

! l
B SCR5 SCR5 M—, N+

In the above table, the thyristor pairs with the verti-
cal both-ends arrows | indicate that the short-circuit
mode will be caused by a malfunction of SCR3or SCR;
in the case of W@ and F; by a malfunction of SCR3 or
SCRg in the case of W& and B; by a malfunction of
SCR7or SCR;5in the case of W& and F; and by a mal-
function of SCR4 or SCR3 in the case of WS and B,
thereby causing damages to the thyristors in any one of
these cases.

As a result, in order to prevent the occurrence of a
short-circuit mode, it is necessary that, if the forward
rotation control signal F is commanded in the respec-
tive cases of W@ and WO, the combination of the
thyristors for the backward rotation control signal B of
the same phase involving the danger of causing a short-
circuit mode during the half cycle of the ac power
supply at that time is inhibited, and, if the backward
rotation control signal B is commanded, the combina-
tion of the thyristors for the signal F of the same phase
1s inhibited during the half cycle of the ac power supply
at that time, thus preventing the occurrence of a short-
circuit mode. |

Next, the overall circuit construction of the dc motor
driving apparatus according to the invention will be
described with reference to FIG. 2.

In the Figure, electric power from an ac power sup-
ply 1 1s applied through an ac filter 2 to a thyristor
full-wave rectifier bridge circuit 3 and dc power is
supplied to a dc motor 5. The thyristor full-wave recti-
fier bridge circuit 3 comprises a bridge connection of
eight thyristors as shown in FIG. 1 and the thyristors
are triggered by a known type of driving unit which is
called as a phase shifter but not shown here.

Numeral 17 designates a dc motor driving control
circuit comprising a transformer 7, a zero-crossing de-
tector circuit 8, two bootstrap circuits 9 and 10 and a
thyristor driver circuit 11. As shown in FIG. 2, the
zero-crossing detector circuit 8 is designed so that an
output signal W of a high level as shown in (B) of
FIG. 3 1s delivered from one of its output terminals to
the bootstrap circuit 9 during the positive half cycle of
the ac power supply 1 and an output signal WG of a
high level as shown in (C) of FIG. 3 is delivered from
the other of its output terminals to the bootstrap circuit
10 during the negative half cycle of the ac power supply
1. The bootstrap circuits 9 and 10 generate sawtooth
wave output signals BSg9 and BSjgshown in (D) and (E)
of FIG. 3, respectively. In the present embodiment, as
shown in FIG. 3, the minimum level V; of the output
signals BSo and BSjg is selected to be 2 volts and their
maximum level is selected to be about 10.5 volts.
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FIG. 4 shows the construction and the interconnec-
tions of the thyristor driver circuit 11 and a protecting
control circuit 12 to be combined therewith according
to the invention. As shown in FIG. 4, the thyristor
driver circuit 11 comprises four comparators 24, 25, 26
and 27 and the driver circuits 20, 21, 22 and 23 respon-
sive to the respective outputs of the comparators 24 to

27 to drive the commanded thyristors. Symbols G and

K showing the destinations of the output lead wires
from each of the driver circuits 20, 21, 22 and 23 denote

respectively gates and cathodes of the thyristors to be
driven thereby. As shown in FIG. 4, each of the com-
parators 24, 25, 26 and 27 receives either of the two
output signals BSg and BSo from the respective boot-
strap circuits 9 and 10 and either of two command sig-
nals F and B for determining firing angles to effect the
motor speed control. |

Further, as shown in FIG. 2, there are provided, for
the purpose of the motor speed control, a command
apparatus 13, a D-A converter 14, a comparator or
differential amplifier 15, an inverter 16 and a tachome-
ter generator 6, whereby a motor speed command sig-
nal generated by the command apparatus 13 is con-
verted Into an analog voltage by the D-A converter 14.
The differential amplifier 15 generates at its output a
voltage signal F' corresponding to the difference be-
tween the analog voltage and the tachometer generator
output voltage indicative of the actual motor speed, and
the voltage divider circuit 18 generates at its output a
signal F whose voltage is a division of the voltage signal
F'. The inverter 16 inverts the sign of the signal F’ and
divides its output voltage thereby to generate a voltage
signal B. The signal F and the signal B are applied re-
spectively as a signal for controlling the forward rota-
tion speed of the dc motor 5 and a signal for controlling
the backward rotation speed of the dc motor 5 to the
thyristor driver circuit 11 and the protecting control
circuit 12. The values of the command signals F and B
become about 5 to 6 volts during a high speed operation
of the dc motor 5 and the approach the minimum level
V(2 volts in the case of this embodiment) of the signals
BSg and BSjg as the speed of the dc motor § decreases.

The thyristor driver circuit 11 receives the sawtooth
wave voltage signals BSg and BSjg from the bootstrap
circuits 9 and 10 and the voltage signals F and B so that
the desired thyristor firing angle which provides the
commanded motor speed is determined in synchronism
with each half cycle of the alternating voltage from the
ac power supply 1.

While the dc motor driving control circuit 17 for the
thyristor full-wave rectifier bridge circuit 3 has a con-
struction such as described above in conjunction with
FIG. 2 and operates as mentioned above, with the
above-described construction as such, it is impossible to
surely obviate the deficiency that a short-circuit mode
may be caused by any thyristor malfunction. With a.
view to overcoming this deficiency, as shown in FIG. 2
and also shown in greater detail in FIG. 4, the protect-
Ing control circuit 12 according to this invention is used
in combination with the thyristor driver circuit 11 in the
dc motor driving control circuit 17. |

The protecting control circuit 12 according to the
invention will now be described with reference to
FIGS. 4 and S.

As shown in FIG. 4, the protecting control circuit 12
comprises two comparators 28 and 29 each thereof
recerving at its inverting terminal a reference voltage of
1.1 volts, for example, inhibit circuits (1) and (2) whose
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detatled constructions are shown by way of example in
FIG. § and input diodes Dy, D; and D;, Dg for the
mhibit circuits (1) and (2), respectively. The compara-
tors 28 and 29 are designed so that, when the control
signals F and B assume positive values greater than 1.1
volts, for example, high level output signals are gener-
ated at their output terminals P and Q.

Referring to FIG. 5 showing in detail an exemplify-
Ing circuit construction of the protecting control circuit
12 according to the tnvention, the inhibit circuits (1) and
(2) respectively comprise circuits 30 and 31 including
RS fhip-flops FF; and FF»; and FF3; and FFy; respec-
tively, each of which flip-flops employs a pair of NOR
gate circuits. When the output signal W@ of the zero-
crossing detector circuit 8 takes a high level (namely,
during the positive half cycle of the ac power supply
voltage), the inhibit circuit (1) or 30 becomes operative
$O that, if at this time the forward rotation speed control
signal F from the differential amplifier 15 becomes posi-
tive and exceeds the reference voltage of 1.1 volts caus-
ing the signal appearing at the output terminal P of the
comparator 28 to take a high level, the level of the
output terminal of the flip-flop FF| becomes low to give
a forward bias to the diode Dy, thereby holding the
circuit of the backward rotation speed control signal B
at a level of about 0.8 volt which is lower than the
minimum level V; (2 volts in the case of this embodi-
ment as mentioned previously) of the input signal BSo
applied to the thyristor driver circuit 11 from the boot-
strap circuit 9. Consequently, the output of the compar-
ator 24 takes a low level so that the driver circuit 20
does not trigger the thyristors SCR3 and SCR and keep
them nonconductive while the output signal W@ of the
zero-crossing detector circuit 8 remains at the high
level. Thereafter, as the level of the forward rotation
speed control signal F rises exceeding the minimum
level Vi and crosses the ramp waveform of the input
signal BSy, the output level of the comparator 25 takes
a high level so that the driver circuit 21 triggers the
SCRgand SCRg to turn conductive and thereby to ener-
gize the dc motor 5. However, the SCR3 and SCR are
maintained in the nonconductive state as mentioned
previously and the occurrence of a short-circuit mode is
prevented.

On the other hand, when the output signal W@ of the
zero-crossing detector circuit 8 takes a high level, if the

backward rotation speed control signal B becomes posi-

tive and exceeds the reference voltage 1.1 volts of the
comparator 29 causing the signal appearing at its output
terminal Q to take a high level, the level of the output
terminal of the flip-flop FF2 becomes low to give a
forward bias to the diode D, thereby holding the cir-
cutt of the forward rotation speed control signal F at a
level of about 0.8 volt which is lower than the minimum
level V(2 volts in the case of this embodiment as men-
tioned previously) of the input signal BSg to the thy-
ristor driver circuit 11. As a result, the output of the
comparator 23 takes a low level so that the driver cir-
cuit 21 is not energized and the SCRgand SCR¢are kept
nonconductive while the output signal W@ remains at
the high level. Thereafter, as the level of the backward
rotation speed control signal B rises exceeding the mini-
mum voltage value Vand crosses the ramp waveform
of the input signal BSy, the comparator 24 energizes the
driver circuit 20 which in turn triggers the SCR3 and
SCR to turn conductive and thereby to energize the dc
motor S. In this case, the occurrence of a short-circuit
mode 1s also prevented since the SCRg and SCR¢ are
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6

kept nonconductive while the output signal W& of the
zero-crossing detector circuit 8 remains at the high level
as mentioned previously.

The inhibit circuit (2) or 31 performs the similar
short-circuit mode preventing action as described above
when the output signal W& of the zero-crossing detec-
tor circuit 8 is at the high level (i.e., during the negative
half cycle of the ac power supply voltage).

Next, the operation and effect of the protecting con-
trol circuit 12 will now be described with respect to an
exemplifying case where a backward rotation command
signal from the command apparatus 13 is applied to the
D-A converter 14, while the motor 5 is rotating in the
forward direction, in reference to FIG. 6. In the Figure,
the sawtooth waveform corresponds to BSjg or BSg
depending on whether the output signal W& or W& is

at a high level when the backward rotation command

for the dc motor 5 is applied at the time point S in the
Figure. When the backward rotation command is ap-

plied at the time point S, the waveform of the forward

“rotation speed control signal F falls and the waveform

of the backward rotation speed control signal B rises.
Since the level of the waveform F between the time
points X and S is higher than the reference voltage of
1.1 volts for the comparator 28, the level of the output
terminal P of the comparator 28 becomes high and
either the inhibit circuit (1) or the inhibit circuit (2)
comes into operation depending on whether the output
signal W or the output signal W@ is at the high level.
Thus, the level of the signal B is held at about 0.8 voit
as shown by the waveform indicated with a solid line so
that any action based thereon is inhibited. It is at the
time point Z that the level of the signal B rises and the
inhibition of an action to be caused by the signal B
ceases. However, since the thyristors triggered in re-
sponse to the signal F at the time point X have already
been turned off by the time point Z, there is no possibil-
ity of the occurrence of a short-circuit mode.

If the protecting control circuit 12 according to the
iInvention were not used here, after the time point S the
signal B would rise following the waveform B’ which
would be produced by the inverter 16 to have an in-
verted waveform of the signal F. This would give rise
to a defect of causing a short-circuit mode between the
combination of the thyristors triggered at the time point
X 1n response to the signal F and the combination of the
thyristors triggered at the time point Y in response to
the signal B. The respective thyristors triggered at the
time points X and Y would, however, be turned off
before and at the time point Z.

By virtue of the operation described above, the pro-
tecting control circuit 12 of this invention operates in
conjunction with the thyristor driver circuit 11 to effect
protecting control for preventing the occurrence of a
short-circuit mode in the thyristor full-wave rectifier
bridge circuit of the dc motor driving apparatus.

The constructions of the inhibit circuits in the pro-
tecting control circuit of this invention are not limited
to those of the circuits 30 and 31 shown in FIG. 5, but
any other constructions may be used so far as a required
short-circuit mode inhibit logic is ensured therein. Fur-
ther, it is possible to utilize the output signals of the
inhibit circuits 30 and 31 to hold the output level of the
desired one of the comparators 24 to 27 at a low level so
that the operation of the required one of the driver
circuits 20 to 23 is inhibited.

Further, where there is a danger of the thyristors
being triggered to cause malfunction by the noise super-



posed on the applied power supply vQ]tége, a noise
filter may be inserted in the gate circuit of each thy-
ristor so as to prevent a thyristor misfiring mode from

being caused by the dv/dt effect of the noise.

While, in the above-described embodiment of the
invention, thyristors are used as the controiled rectifier

elements in the full-wave rectifier bridge circuit, it is
possible to apply the present invention to the cases
where power controlled rectifier elements including
gate-turnoff controlled rectifier elements, etc. are used.
Experiments conducted with a thyristor full-wave
rectifier bridge circuit of a dc motor driving apparatus
employing the protecting control circuit according to
the invention showed that no short-circuit mode ap-
peared in the switching operation between the forward
rotation and the backward rotation of a dc motor when
‘it was operated from a 60 Hz ac power supply.,.
It will thus be seen from the foregoing description
that the use of the protecting control circuit according

4,412,160
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to the invention has an advantage that, so: far as the <0

rated capacity of thyristors matches the magnitude of
the required driving current of a dc motor used, highly
efficient ac-to-dc conversion as well as smooth' and

highly efficient control of the magnitude and the polar-

ity reversing of the applied voltage can be ensured by
using a thyristor full-wave rectifier bridge circuit.

The remarkable advantages obtainable by incorporat-
ing the protecting control circuit of this invention'in a
dc motor driving apparatus including a full-wave recti-
fier bridge circuit are summarized as follows.

(1) It 1s possible to prevent a short-circuit mode from
bein’g caused by the firing of malfunctioning thyristors.

(2) The use of a full-wave rectifier bridge system, of
course, makes 1t possible to raise the ac-to-dc conver-
sion efficiency as compared w1th a half-wave rectlﬁer
bridge system.

(3) The response of reversing, brakmg, stopping and
other speed changing operations, that is, the controlla-
bility of a dc motor to be driven can be improved.

(4) A stable low speed operation of a dc motor to be
driven can be ensured. |

(3) It is possible to apply a uniform driving force to a
dc motor to be driven with a result that the generation
of a buzzing noise can be prevented and a sound caused
by the rotation of the motor can be reduced.

- We claim: |

1. A dc motor driving apparatus comprlsmg

a full-wave rectifier bridge circuit comprising thy-

ristors for converting ac power to dc power;

a dc motor forward rotation control signal supply

circuit; |
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a dc motor backward rotation control signal supply
circuit;
a dc motor driving control circuit, responswe to said

forward and backward control signal supply cir-

cuits, for controllmg said, thyristors; and
a protecting control circuit operatively associated

with said dc motor driving control circuit for pre-

‘venting the occurrenceof a short-circuit mode in

said bridge circuit caused by a malfunction of said

thyrlstors and enabllng stable driving control of

said dc motor, said protectmg control circuit com-
~ prising; -

a first and a second comparator respectwely Sup-
‘plied with a dc. motor forward rotation control
signal from said supply circuit thereof and a dc
motor backward rotation control signal from
said supply circuit thereof, each thereof generat-

.. . ingan output 31gnal when the level of said signal
~ . supplied thereto is higher than a predetermmed

- reference voltage and . | -

~a first and a second lnhlblt cucmt each thereof
~ supplied with the output signals of said compara-
tors and respectively responsive to.a signal indic-
ative of a positive half cycle of an ac supply
voltage and a signal indicative of a negative half
~cycle of the ac supply voltage, each thereof gen-
erating an output signal for disabling either one

of said dc motor forward rotation control signal
supply circuit and said dc motor backward rata-

tion control signal supply circuit. o

2. A dc motor driving apparatus according to clalm 1,

wherein each of said first and second inhibit circuits in

-said pr_otectlng control circuit comprises a first and a

second RS flip-flop circuit, wherein one of input termi-
nals to each of said first and second flip-flop circuits of
said first inhibit circuit is responsive to said positive half
cycle indicative signal and the other of said input termi-
nals 1s responsive to the output signals of said first and
second comparators, respectively, wherein output ter-
minals of said first and second flip-flop circuits of said
first inhibit circuit are respectively connected to a sec-
ond and a first output terminal of said first inhibit cir-
cuit, wherein one of input terminals to each of said first
and second flip-flop circuits of said second inhibit cir-
cuit 1s responsive to said negative half cycle indicative
signal and the other of said input terminals is responsive
to the output signals of said second and first compara-
tors, respectively, and wherein output terminals of said
first and second flip-flop circuits of said second inhibit
circuit are respectively connected to a first and second

output terminals of said second inhibit circuit.-
* X * | ® X
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